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(57)  The present disclosure relates to the technical
field of automobiles, and in particular to a control method
and apparatus of a motor torque, an electronic device,
and a vehicle. The control method includes: acquiring a
current vehicle speed of a vehicle, wheel speeds at two
ends of a drive shaft, and a wheel speed difference
between the wheel speeds at the two ends of the drive
shaft; determining a current working condition corre-
sponding to the vehicle based on the wheel speed dif-
ference, the wheel speeds, and the current vehicle
speed, wherein the current working condition includes
a single-wheel slip working condition and a non-single-
wheel slip working condition; determining a target speed
on which a torque limiting operation to be performed is
based, based on the current working condition, the cur-
rent vehicle speed, and the wheel speeds at the two ends
of the drive shaft; determining a limited torque of a motor
according to the target speed and an available power of a
battery; and controlling the motor to output a torque
according to the limited torque.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present disclosure claims priority to Chi-
nese Patent Application No. 202210130489.9, entitled
"CONTROL METHOD AND APPARATUS OF MOTOR
TORQUE, ELECTRONIC DEVICE, AND VEHICLE",
filed on February 11th, 2022 to China Patent Office,
the entire contents of which are incorporated herein by
reference.

TECHNICAL FIELD

[0002] Embodiments ofthe presentdisclosure relate to
the technical field of automobiles and more particularly, to
a control method and apparatus of a motor torque, an
electronic device, and a vehicle.

BACKGROUND

[0003] When the vehicle runs on a road with low fric-
tion, the tire slips easily, which affects the running safety
of the vehicle and increases the probability of a safety
accident. The internal VCU (Vehicle control unit) of the
electric drive vehicle transmits a torque request to each
controller by internal calculation, distribution and coordi-
nation, so as to convert battery power into motor torque
limit and thus perform the torque limit on the motor.
[0004] In some embodiments, the strategy of the slip
working condition only considers the single-wheel slip
working condition. However, when the wheels on two
ends of the drive wheels of the vehicle slip, the difference
between the left and right wheel speeds is small, resulting
in inaccuracies in the resulting limited torque.

SUMMARY

[0005] Embodiments of the present disclosure provide
a control method and apparatus of a motor torque, an
electronic device, and a vehicle, aiming to solve the
problem of limited torque inaccuracy when wheels on
two ends of drive wheels slip.

[0006] According to a first aspect of an embodiment of
the present disclosure, a control method of a motor
torque is provided, the control method including:

acquiring a current vehicle speed of a vehicle, wheel
speeds at two ends of a drive shaft, and a wheel
speed difference between the wheel speeds at the
two ends of the drive shaft;

determining a current working condition correspond-
ing to the vehicle based on the wheel speed differ-
ence, the wheel speeds, and the current vehicle
speed, wherein the current working condition in-
cludes a single-wheel slip working condition and a
non-single-wheel slip working condition;
determining a target speed on which atorque limiting
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operation to be performed is based, based on the
current working condition, the current vehicle speed,
and the wheel speeds at the two ends of the drive
shaft;

determining a limited torque of a motor according to
the target speed and an available power of a battery;
and

controlling the motor to output a torque according to
the limited torque.

[0007] Optionally, the determining the current working
condition corresponding to the vehicle based on the
wheel speed difference, the wheel speeds, and the cur-
rent vehicle speed includes:

determining thatthe vehicleis in the single-wheel slip
working condition when it is detected that the wheel
speed difference exceeds a preset wheel speed
difference; and

determining that the vehicle is in the non-single-
wheel slip working condition when it is detected that
the wheel speed difference does not exceed the
preset wheel speed difference and the wheel speeds
at the two ends of the drive shaft are not less than the
vehicle speed.

[0008] Optionally, the determining the target speed on
which the torque limiting operation to be performed is
based, based on the current working condition, the wheel
speed difference, and the wheel speeds at the two ends
of the drive shaft, includes:

determining a motor speed as the target speed when
it is detected that the vehicle is in the single-wheel
slip working condition; and

determining a greater speed value among the wheel
speeds at the two ends of the drive shaft and the
current vehicle speed as the target speed when itis
detected that the vehicle is in the non-single-wheel
slip working condition.

[0009] Optionally, the available power is obtained by
the steps of:

acquiring a power working condition of the vehicle,
wherein the power working condition includes an
accelerator pedal opening degree;

determining an available discharge power of the
battery according to the power working condition
and the current vehicle speed;

acquiring a motor efficiency of the motor, and cor-
recting the motor efficiency according to the avail-
able discharge power to obtain the available power.

[0010] Optionally, the determining an available dis-
charge power of the battery according to the power work-
ing condition and the current vehicle speed includes:
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determining the available discharge power as a
maximum peak discharge power when it is detected
thatthe vehicleis notin the slip working condition and
the accelerator pedal opening degree is greater than
a preset opening degree; and
determining the available discharge power to be a
maximum continuous discharge power when it is
detected that the vehicle is in the slip working con-
dition or the accelerator pedal opening degree is not
greater than the preset opening degree.
[0011] Optionally, the method further includes:
acquiring a peak torque limit value for the motor and
a motor temperature;
correcting a smaller torque value between the peak
torque limit value and the limited torque according to
the motor temperature to obtain an actual limited
torque;
wherein the controlling the motor to output the torque
according to the limited torque includes:
controlling the motor to output the torque according
to the actual limited torque.

[0012] Optionally, the correcting a smaller torque value
between the peak torque limit value and the limited torque
according to the motor temperature to obtain an actual
limited torque includes:

acquiring a temperature correction coefficient graph;
determining a temperature correction coefficient ac-
cording to the motor temperature and the tempera-
ture correction coefficient graph; and

correcting a smaller torque value according to the
peak torque limit value and the limited torque accord-
ing to the temperature correction coefficient to obtain
the actual limited torque.

[0013] A second aspect of an embodiment of the pre-
sent disclosure provides a control apparatus of a motor
torque, the control apparatus including:

an acquisition module configured for acquiring a
current vehicle speed of a vehicle, wheel speeds
at two ends of a drive shaft, and a wheel speed
difference between the wheel speeds atthe two ends
of the drive shaft;

a decision module configured for determining a cur-
rent working condition corresponding to the vehicle
based on the wheel speed difference, the wheel
speeds, and the current vehicle speed, wherein
the current working condition includes a single-
wheel slip working condition and a non-single-wheel
slip working condition;

a determination module configured for determining a
target speed on which the torque limiting operation to
be performed is based, based on the current working
condition, the wheel speed difference, and the wheel
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speeds at the two ends of the drive shaft;

a calculation module configured for determining a
limited torque of a motor according to the target
speed and an available power of a battery; and

an execution module configured for controlling the
motor to output a torque according to the limited
torque.

[0014] A third aspect of an embodiment of the present
disclosure is an electronic device, including:

a memory configured for storing a computer pro-
gram; and

a processor configured for executing a computer
program stored on the memory to implement any
one of the control methods.

[0015] Afourth aspectofanembodimentofthe present
disclosure includes a vehicle including a control device to
implement the control method described above.

[0016] A control method and apparatus of a motor
torque, an electronic device, and a vehicle provided in
the present disclosure are adopted. The current vehicle
speed of the vehicle and the wheel speeds at the two
ends of the drive shaft acquired in real time during the
travel of the vehicle, to determine a wheel speed differ-
ence of the drive shaftin real time according to the wheel
speeds at the two ends. It is determined whether the
vehicle is a single-wheel slip or a non-single-wheel slip
according to the vehicle speed, the wheel speeds and the
wheel speed difference. When the vehicle is the single-
wheel slip, one end of the vehicle idles due to the slip, and
the other end has a slower rotation speed. The vehicle
speed is less than or equal to the wheel speed of the
wheel with the slower rotation speed. When the vehicle is
in the non-single-wheel slip working condition, namely,
when double-wheel slip occurs on the drive shaft or the
vehicle runs normally, the wheel speed is greater than or
equal to the vehicle speed. Therefore, the target speed
on which the torque limiting operation to be performed is
based is determined according to the current working
condition, the current vehicle speed and the wheel
speeds at the two ends of the drive shaft. By considering
two cases of single-wheel slip and non-single-wheel slip
respectively, different speed values are respectively ta-
ken as the target speeds on which the torque limiting
operation is based, thereby effectively improving the
accuracy of the determined torque limiting, and further
improving the torque limiting effect on the motor.
[0017] The above description is merely an overview of
the technical aspects of the present disclosure, which
can be carried out in accordance with the contents of the
description in order to make the technical aspects of the
presentdisclosure more clearly understood. The detailed
description of the present disclosure will be described
below to make the above and other objects, features and
advantages of the present disclosure more apparent, .
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BRIEF DESCRIPTION OF THE DRAWINGS

[0018] In order to more clearly illustrate the technical
solutions in the embodiments of the present disclosure,
the drawings to be used in the description of the embodi-
ments will be briefly introduced below. Obviously, the
drawings in the description below are only some embodi-
ments of the present disclosure. It will be apparent to
those skilled in the art to obtain other drawings according
to these drawings without involving any inventive effort.

FIG. 1 is a schematic flow chart of a control method
according to an embodiment of the present disclo-
sure;

FIG. 2 is a schematic flow chart for determining a slip
working condition according to an embodiment of the
present disclosure;

FIG. 3 is a schematic flow chart for determining a
target speed according to an embodiment of the
present disclosure;

FIG. 4 is a schematic flow chart for acquiring an
available power according to an embodiment of
the present disclosure;

FIG. 5 is a schematic flow chart for determining an
available discharge power according to an embodi-
ment of the present disclosure;

FIG. 6 is a schematic flow chart for comparing peak
torque limit values according to an embodiment of
the present disclosure;

FIG. 7 is a schematic flow chart of temperature
correction according to an embodiment of the pre-
sent disclosure;

FIG. 8 is a schematic diagram of modules of a control
apparatus according to an embodiment of the pre-
sent disclosure; and

FIG. 9 is a schematic diagram of modules of an
electronic device according to an embodiment of
the present disclosure.

DETAILED DESCRIPTION

[0019] The technical solutions in the embodiments of
the application will be described clearly and completely in
conjunction with the accompanying drawings in the ex-
amples of the application. Obviously, the described ex-
amples are only part of the embodiments of the applica-
tion, rather than all of the examples. Based on the ex-
amples in the present disclosure, all other examples
obtained by a person skilled in the art without involving
any inventive effort are within the scope of protection of
the present disclosure.

[0020] When the vehicle runs on a road with low fric-
tion, the tire slips easily, which affects the running safety
of the vehicle and increases the probability of a safety
accident. The internal VCU of the electric drive vehicle
internally calculates, distributes, coordinates, and needs
to convert a battery power into motor torque limits. Itlimits
the motor torque on the torque path, and finally sends the
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torque request to each controller.

[0021] In some embodiments, the strategy of the slip
working condition only considers the single-wheel slip
working condition. However, when the wheels on two
ends of the drive wheels of the vehicle slip, the difference
between the leftand right wheel speeds is small, resulting
in inaccuracies in the resulting limited torque.

[0022] According to a first aspect of an embodiment of
the present disclosure. Referring to FIG. 1, a control
method of a motor torque is provided, the control method
including:

[0023] SH1, acquiring a current vehicle speed of a ve-
hicle, wheel speeds at two ends of a drive shaft, and the
wheel speed difference between the wheel speeds at the
two ends of the drive shaft.

[0024] When a vehicle slip occurs, two situations are
generally included, one is a single-wheel slip, and the
other is a double-wheel slip. When a single-wheel slip
occurs, the friction between the wheel at one end of the
drive shaft and the ground is relatively small, and the
friction at the other end is relatively large. Due to a
differential, the wheel at a section with a relatively small
friction runs idle, while the wheel at a side with an in-
creased friction has a relatively slow rotation speed.
[0025] The otheris that the friction between the wheels
at two ends of the drive shaft and the ground is small,
resulting in that the rotation speeds of the two wheels are
both fast, while the difference between the wheel speeds
is small, resulting in that the vehicle speed is less than the
wheel speed, then the double-wheel slip occurs. How-
ever, when the vehicle is traveling normally, the vehicle
speed is close to the wheel speeds at the two ends of the
drive shaft. Therefore, the conditions where the double-
wheel slip occurs and the vehicle runs normally are
considered to be non-single-wheel slip working condi-
tions in a unified manner. Thus, the current vehicle speed
of the vehicle and the wheel speeds at the two ends of the
drive shaft are obtained in real time during the travel of the
vehicle, for determining the current working condition of
the vehicle.

[0026] Inthe acquisition, the wheel speeds at two ends
may be arotation speed value ora speed value. When the
acquired wheel speed is the rotation speed, the wheel
speed value is converted into a vehicle speed value, so
as to facilitate calculation and comparison.

[0027] S2, determining a current working condition
corresponding to the vehicle based on the wheel speed
difference, the wheel speeds, and the current vehicle
speed, wherein the current working condition includes
a single-wheel slip working condition and a non-single-
wheel slip working condition.

[0028] The currentvehicle speed of the vehicle and the
wheel speeds at the two ends of the drive shaft are
acquired in real time during the travel of the vehicle,
and it is decided whether the vehicle enters a single-
wheel slip state according to the wheel speed difference
of the wheel speeds at the two ends of the drive shaft.
When the wheel speed difference is large, the vehicle
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may be considered to enter the single-wheel slip working
condition. When the wheel speed difference is small, the
vehicle may be considered to be in anormal travel state or
that double wheels at the drive shaft slip simultaneously.
[0029] S3, determining a target speed on which a
torque limiting operation to be performed is based, based
on the slip working condition, the current vehicle speed,
and the wheel speeds at the two ends of the drive shaft.
[0030] In order to effectively improve the torque-limit-
ing action of the motor, and to reduce the damage to the
battery, since the vehicle speed is generally 0 in the case
of single-wheel slip, and the wheel speed of the wheels at
the drive shaftis faster in the case of double-wheel slip, it
is often necessary to depend on the speed closer to the
actual wheel speed when acquiring the data, so that the
obtained limited torque is more accurate. Therefore,
different target speeds are selected under different slip
working conditions.

[0031] S4, determining a limited torque of a motor
according to the target speed and an available power
of a battery.

[0032] According to the model of the vehicle itself, the
output limited torques tend to be different based on the
different powers of the battery. Therefore, according to
the available power of the battery and the acquired target
speed, the output limited torque to disengage the vehicle
from the slip state can be calculated, for example, ac-
cording to the following formula in a particular embodi-
ment:

T=9550P/n

where Tis the limited torque, P is the available power, and
n is the target speed, wherein in a specific embodiment,
when n is a speed value or a motor speed value, it is
converted into a wheel speed value of awheel at the drive
shaft, thereby acquiring accurate data.

[0033] S5, controlling the motor to output a torque
according to the limited torque.

[0034] After the limited torque is obtained, the motor
torque is limited on the VCU internal torque path and the
torque request is sent to each controller.

[0035] When the current vehicle speed of the vehicle
and the wheel speeds at the two ends of the drive shaft
are acquired in real time, the wheel speed difference of
the drive shaft is determined according to the wheel
speeds at the two ends in real time, and it is decided
whether the vehicle is slipping according to the vehicle
speed, the wheel speed and the wheel speed difference.
When the vehicle has a single-wheel slip, one end of the
wheels at the two ends of the drive shaft is idle due to the
slip, and the other end has a slower rotation speed, while
the vehicle speed s less than or equal to the wheel speed
of the wheel with the slower rotation speed. Therefore,
the motor speed may be taken as atarget speed on which
the torque limiting operation to be performed is based;
while when the vehicle has a double-wheel slip at the
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drive shaft, it can be considered that both the wheels at
the two ends of the drive wheel are idle, and the vehicle
speed is slow. Therefore, the greater speed value among
the wheel speeds at the two ends of the drive shaft and
the current vehicle speed are taken as the target speeds
for determining the torque limiting operation to be per-
formed. When the vehicle is traveling normally, the values
of the wheel speeds at two ends of the drive shaft and the
current vehicle speed are consistent, so that the double-
wheel slip working condition and the normal travel con-
dition may be combined as the non-single-wheel slip
working condition, thereby effectively improving the ac-
curacy of the determined limited torque, and further im-
proving the torque limiting effect on the motor.

[0036] In some embodiments, referring to FIG. 2, the
determining the current working condition corresponding
to the vehicle based on the wheel speed difference, the
wheel speeds, and the current vehicle speed includes:
[0037] S101, determining that the vehicle is in the
single-wheel slip working condition when it is detected
that the wheel speed difference exceeds a preset wheel
speed difference.

[0038] Due to the differential, when the single-wheel
slip occurs, the wheel at one side where the frictional
force is smaller idles, and the wheel at the other side
where the frictional force is greater rotates at a slower
speed. Thus, it can be considered that the single-wheel
slip occurs at the side of the drive shaft of the vehicle
when it is detected that the wheel speed difference ex-
ceeds the preset wheel speed difference.

[0039] The preset wheel speed difference may be
calibrated according to different vehicle models and per-
formances so as to improve applicability.

[0040] S102, determining that the vehicle is in the non-
single-wheel slip working condition when it is detected
that the wheel speed difference does not exceed the
preset wheel speed difference and the wheel speeds
at the two ends of the drive shaft are not less than the
vehicle speed.

[0041] When itis detected that the wheel speed differ-
ence does not exceed the preset wheel speed difference
and the wheel speeds at two ends of the drive shaft are
both greater than the vehicle speed, it cannot be deter-
mined whether the vehicle slips depending on the wheel
speed difference at this moment. Therefore, when the
wheel speed difference is detected at two ends, the
difference between the vehicle speed and the wheel
speeds at the two ends of the drive shaft is detected.
When the difference is greater than the preset difference,
it is determined that the double-wheel slip occurs. When
the difference is less than or equal to the preset differ-
ence, itis determined that the vehicle isin a normal travel,
and both the double-wheel slip and the normal travel are
non-single-wheel slip working conditions.

[0042] In a specific embodiment, when the wheel
speeds at the two ends of the drive shaft are different,
the difference between the current vehicle speed and the
lower wheel speed is used as a criterion to improve
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accuracy.
[0043] In some embodiments, referring to FIG. 3, the
determining the target speed on which the torque limiting
operation to be performed is based, based on the current
working condition, the wheel speed difference, and the
wheel speeds at the two ends of the drive shaft includes:
[0044] S201, determining the motor speed as the tar-
get speed when it is detected that the vehicle is in the
single-wheel slip working condition.

[0045] When the single-wheel slip occurs, one end of
the wheels at two ends of the drive shaft idles due to the
slip, and the rotation speed of the other end and the
vehicle speed are generally close to 0. Thus, the motor
speed is directly obtained as a reference value, thereby
making the limited torque more accurate.

[0046] S202, determining a greater speed value
among the wheel speeds at the two ends of the drive
shaft and the current vehicle speed as the target speed
when it is detected that the vehicle is in the non-single-
wheel slip working condition.

[0047] Inthis case, since the vehicle speed s low, if the
limited torque is calculated according to the vehicle
speed, the limited torque is easy to be large, and the
torque limiting effect on the motor is poor. When the
vehicle is traveling normally, the wheel speeds at the
two ends of the drive shaft and the current vehicle speed
are substantially equal, so that the greater value thereof
is used as the target speed, thereby satisfying the torque
limiting operation at the time of double-wheel slip of the
vehicle and at the time of traveling normally, improving
the applicability of the method.

[0048] In another embodiment, when the vehicle
speed signal or the drive wheel speed signal is detected
to be invalid or abnormal, the motor speed is determined
as the target speed, effectively avoiding the fluctuation of
the limited torque of the motor when the signal is abnor-
mal, improving the stability of the system.

[0049] In some embodiments, referring to FIG. 4, the
available power is obtained by:

[0050] S301, acquiring a power working condition of
the vehicle, wherein the power working condition in-
cludes an accelerator pedal opening degree.

[0051] The battery discharge power includes a max-
imum continuous discharge power and a maximum peak
discharge power. Here, the maximum continuous dis-
charge power is a normal discharge power when the
battery is continuously working. The maximum peak
discharge power is the maximum power of the battery,
but the maximum peak discharge power may only be
output for a short time. Therefore, in order to maximize
the use of the battery, different powers may be selected
according to different operating conditions of the current
vehicle.

[0052] S302, determining an available discharge
power of the battery based on the power working condi-
tion and the current vehicle speed.

[0053] Here, the driving demand of the driver is
decided according to the current vehicle speed and the
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power working condition so as to determine the output
power of the battery. When the power working condition
and the current vehicle speed indicate that the driver
needs high power, the battery is controlled to output
the maximum peak discharge power in a short time,
otherwise, the normal maximum continuous discharge
power is output.

[0054] S303, acquiring a motor efficiency of the motor,
and correcting the available discharge power according
to the motor efficiency to obtain the available power.
[0055] When the battery supplies power to the motor,
the power output by the battery to the motor cannot be
fully converted into the output torque of the motor. There-
fore, after determining the available discharge power of
the motor, the available discharge power is corrected by
the motor efficiency of the motor itself, i.e., the efficiency
of converting the battery power into the output torque, so
as to obtain the accurate available power, thereby mak-
ing the final determined limited torque more accurate.
[0056] In some embodiments, the control method
further includes the following steps:

acquiring a consumed power of other high-voltage com-
ponents of the vehicle, and a start-up reserved power
when an engine is in a stopped state, and correcting the
available power according to the consumed power and
the start-up reserved power.

[0057] Specifically, the sum of the power demand of
each component under the current working condition of
the vehicle is obtained as the consumed power, and the
power required when the engine is started, which is
calibrated in advance, is detected as the reserved power
for starting. In the present embodiment, the reserved
power for starting may be 2 kw, and the consumed power
and the reserved power for starting are subtracted from
the available discharge power, so that the vehicle may
ensure the normal operation of other components and
the engine can be started in time when the engine needs
to be started, which improves the practicability of the
present method.

[0058] In some embodiments, referring to FIG. 5, the
determining the available discharge power of the battery
according to the power working condition and the current
vehicle speed includes the following steps:

[0059] S401, determining the available discharge
power as a maximum peak discharge power when it is
detected that the vehicle is not in the slip working condi-
tion and the accelerator pedal opening degree is greater
than a preset opening degree.

[0060] When the accelerator pedal opening degree is
not less than the preset opening degree, it can be con-
sidered that the vehicle has an acceleration intention.
Therefore, a large power is provided to improve the
acceleration performance of the vehicle.

[0061] S402, determining the available discharge
power to be a maximum continuous discharge power
when it is detected that the vehicle is in the slip working
condition or the accelerator pedal opening degree is not
greater than the preset opening degree
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[0062] When itis detected that the vehicle is in the slip
working condition, if the maximum peak discharge power
is selected, over-discharge of the battery is likely to occur.
Also, there is no power shortage at this time, but the tire
adhesion is poor. Thus, the battery is controlled to output
a relatively low maximum continuous discharge power.

[0063] When the accelerator pedal opening degree is
less than the preset opening degree, it may be consid-
ered that the vehicle is in a constant-speed travel state or
the acceleration intention is low. Therefore, the battery is
controlled to output a relatively low maximum continuous
discharge power.

[0064] Since the maximum peak discharge power has
certain damage to the battery, the maximum peak dis-
charge power is output within a preset time period. For
example, the presettime period may be 6 seconds. When
the maximum peak discharge power is output for more
than 6 seconds, it is switched to be the maximum con-
tinuous discharge power to improve the service life of the
battery.

[0065] Here, the preset opening degree may be deter-
mined with respect to the current vehicle speed. When
the current vehicle speed is low, the preset opening
degree may be a small opening degree. For example,
when the vehicle speed is 10 km/h, the preset opening
degree may be 20%. When the current vehicle speed is
high, the preset opening degree is set to be a small
opening degree, so as to decide the driving intention of
the vehicle more accurately and further improve the
utilization rate of battery power.

[0066] In some embodiments, referring to FIG. 6, the
method further includes:

[0067] S501, acquiring a peak torque limit value of the
motor and a motor temperature.

[0068] When the calculated limited torque exceeds the
maximum output torque of the motor, i.e., the peak torque
limit value, the motor cannot output this torque, which
may easily lead to motor failure, so that the peak torque
limit value of the motor is acquired to determine whether
the calculated limiting torque can be output.

[0069] Atthe same time, since the temperature of the
motor has an influence on the working condition of the
motor, according to the temperature difference of the
motor, the torque of the motor is corrected by acquiring
the temperature of the motor, so as to improve the ac-
curacy of the final output torque of the motor.

[0070] S502, correcting a smaller torque value be-
tween the peak torque limit value and the limited torque
according to the motor temperature to obtain an actual
limited torque.

[0071] By comparing with the peak torque limit value,
the peak torque limit value is output when the calculated
limited torque exceeds the maximum output torque of the
motor, i.e., the peak torque limit value, so as to effectively
avoid the occurrence of motor fault fluctuation. At the
same time, the accuracy of the final output torque of the
motor is effectively improved by correcting the final output
torque of the motor.
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[0072] The controlling the motor to output the torque
according to the limited torque includes the following
step:

controlling the motor to output the torque according to the
actual limited torque.

[0073] In some embodiments, referring to FIG. 7, the
correcting a smaller torque value between the peak
torque limit value and the limited torque according to
the motor temperature to obtain the actual limited torque
includes:

[0074] S601, acquiring a temperature correction coef-
ficient graph.

[0075] According to the bench test previously tested,
the influence of different motor temperatures on the
motor torque and the influence on itself when the motor
at different temperatures output different torque are de-
termined to obtain the temperature correction coefficient
graph which characterizes the temperature correction
coefficient of the motor output torque corresponding to
the motor temperature.

[0076] S602, determining a temperature correction
coefficient according to the motor temperature and the
temperature correction coefficient graph.

[0077] According to the motor temperature, the influ-
ence degree of the current motor temperature on the
torque, namely, the temperature correction coefficient,
can be obtained by table looking-up.

[0078] S603, correcting a smaller torque value be-
tween the peak torque limit value and the limited torque
according to the temperature correction coefficient to
obtain the actual limited torque value.

[0079] The actual limited torque of the final motor out-
put may be obtained by multiplying the temperature
correction coefficient by the smaller torque value be-
tween the peak torque limit value and the limited torque.
[0080] A second aspect of an embodiment of the pre-
sent disclosure provides a control apparatus of a motor
torque. Referring to FIG. 8, the control apparatus 7
includes:

an acquisition module 71 configured for acquiring a
current vehicle speed of a vehicle, wheel speeds at
two ends of a drive shaft, and a wheel speed differ-
ence between the wheel speeds at the two ends of
the drive shaft;

a decision module 72 configured for determining a
current working condition corresponding to the ve-
hicle based on the wheel speed difference, the wheel
speeds, and the current vehicle speed, wherein the
current working condition includes a single-wheel
slip working condition and a non-single-wheel slip
working condition;

a determination module 73 configured for determin-
ing a target speed on which a torque limiting opera-
tion to be performed is based, based on the current
working condition, the current vehicle speed, and the
wheel speeds at the two ends of the drive shaft;

a calculation module 74 configured for determining a
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limited torque of the motor according to the target
speed and an available power of a battery; and

an execution module 75 configured for controlling
the motor to output a torque according to the limited
torque.

[0081] In some embodiments, the decision module 72
is further configured for performing the following steps:

determining thatthe vehicle is in the single-wheel slip
working condition when it is detected that the wheel
speed difference exceeds the preset wheel speed
difference; and

determining that the vehicle is in the non-single-
wheel slip working condition when it is detected that
the wheel speed difference does not exceed the
preset wheel speed difference and the wheel speeds
atthe two ends of the drive shaft are notless than the
vehicle speed.

[0082] Insome embodiments, the determination mod-
ule 73 is further configured for performing the following
steps:

determining the motor speed as the target speed
when it is detected that the vehicle is in the single-
wheel slip working condition; and

determining a greater speed value among the wheel
speeds at the two ends of the drive shaft and the
current vehicle speed as the target speed when it is
detected that the vehicle is in the non-single-wheel
slip working condition.

[0083] In some embodiments, the determination mod-
ule 73 is further configured for performing the following
steps:

acquiring a power working condition of the vehicle,
wherein the power working condition includes an
accelerator pedal opening degree;

determining an available discharge power of the
battery according to the power working condition
and the current vehicle speed; and

acquiring a motor efficiency of the motor, and cor-
recting the motor efficiency according to the avail-
able discharge power to obtain the available power.

[0084] In some embodiments, the determination mod-
ule 73 is further configured for performing the following
steps:

determining the available discharge power as a
maximum peak discharge power when it is detected
thatthe vehicle is notin the slip working condition and
the accelerator pedal opening degree is greater than
a preset opening degree; and

determining the available discharge power to be a
maximum continuous discharge power when it is

10

20

25

30

35

40

45

50

55

detected that the vehicle is in the slip working con-
dition or the accelerator pedal opening degree is not
greater than the preset opening degree.

[0085] In some embodiments, the control device 7
further includes a correction module for performing the
following steps:

acquiring a peak torque limit value for the motor and
the motor temperature; and

correcting a smaller torque value of the peak torque
limit value and the limited torque according to the
motor temperature to obtain an actual limited torque.

[0086] Insome embodiments, the correction module is
further configured for performing the following steps:

acquiring a temperature correction coefficient graph;
determining a temperature correction coefficient ac-
cording to the motor temperature and the tempera-
ture correction coefficient graph; and

correcting a smaller torque value of the peak torque
limit value and the limited torque according to the
temperature correction coefficient to obtain the ac-
tual limited torque value.

[0087] An electronic device according to a third aspect
of an embodiment of the present disclosure, with refer-
ence to FIG. 9, includes:

a memory configured for storing a computer pro-
gram; and

a processor configured for executing a computer
program stored on the memory to implement any
one of the control methods.

[0088] A vehicle according to a fourth aspect of an
embodiment of the present disclosure, includes the
above-described electronic device to implement the
above-described control method.

[0089] A fifth aspect of an embodiment of the present
disclosure provides a computer program product includ-
ing computer readable codes which, when run on an
electronic device, cause the electronic device to perform
any one of the control methods.

[0090] A sixth aspect of an embodiment of the present
disclosure provides a computer-readable medium, in
which a computer program is stored which, when runs
on an electronic device, causes the electronic device to
perform any one of the control methods.

[0091] With respect to the apparatus embodiment,
which is substantially similar to the method embodiment,
the description is relatively simple, for which reference is
made to the partial description of the method embodi-
ment.

[0092] Each embodiment described in this description
will focus on the differences from the other embodiments,
and reference will be made to the same or similar parts in
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each embodiment.

[0093] Persons skilled in the art will appreciate that
embodiments of the present disclosure may be provided
as a method, an apparatus, or a computer program
product. Accordingly, embodiments of the present dis-
closure may take the form of an entire hardware embodi-
ment, an entire software embodiment, or an embodiment
combining software and hardware aspects. Moreover,
the embodiments of the present disclosure may take the
form of a computer program product embodied on one or
more computer-usable storage media (including, but not
limited to, magnetic disk storage, CD-ROM, optical sto-
rage, and the like) having computer-usable program
code embodied therein.

[0094] Embodiments of the present disclosure are de-
scribed with reference to flowchart illustrations and/or
block diagrams of methods, terminal devices (systems),
and computer program products according to embodi-
ments of the present disclosure. It will be understood that
each flow and/ or block of the flowcharts and/or block
diagrams in combination with flows and/or blocks in the
flowcharts and/or block diagrams can be implemented by
computer program instructions. These computer pro-
gram instructions may be provided to processors of a
general purpose computer, a special purpose computer,
an embedded processor, or other programmable data
processing terminal equipment to produce a machine,
such that the instructions, which are executed via the
processor of the computer or other programmable data
processing terminal equipment, create means for imple-
menting the functions specified in the flowchart flow or
flows and/or block diagram block or blocks.

[0095] These computer program instructions may also
be stored in a computer-readable memory that can direct
a computer or other programmable data processing
terminal devices to function in a particular manner, such
that the instructions stored in the computer-readable
memory produce an article of manufacture including
instruction means which implement the function specified
in the flowchart flow or flows and/or block diagram block
or blocks.

[0096] These computer program instructions may also
be loaded onto a computer or other programmable data
processing terminal devices to cause a series of opera-
tional steps to be performed on the computer or other
programmable devices to produce a computer imple-
mented process, such that the instructions executed
on the computer or other programmable terminal devices
provide steps for implementing the functions specified in
the flowchart flow or flows and/or block diagram block or
blocks.

[0097] While preferred embodiments of the embodi-
ments of the present disclosure have been described,
additional variations and modifications to these embodi-
ments will occur to those skilled in the art once the basic
inventive concept is known. Therefore, it is intended that
the appended claims be interpreted as including the
preferred embodiments and all alterations and modifica-
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tions that fall within the scope of the embodiments of the
present disclosure.

[0098] Finally, it should be noted that relational terms
such as firstand second, and the like, may be used herein
to distinguish one entity or action from another entity or
action without necessarily requiring or implying any such
actual relationship or order between such entities or
actions. Furthermore, the terms "comprises”, "compris-
ing", or any other variation thereof, are intended to cover
a non-exclusive inclusion, such that a process, method,
article, or terminal device that includes a list of elements
does not include only those elements but may include
other elements not expressly listed or inherent to such
process, method, article, or terminal device. An element
proceeded by the phrase "including a" does not, without
more constraints, preclude the existence of additional
identical elements in the process, method, article, or
terminal device that includes the element.

[0099] The control method and apparatus of a motor
torque, the electronic device, and the vehicle provided by
the present disclosure have been described in detail, and
the principles and embodiments of the present disclosure
have been described herein using specific examples.
The above description of the embodiments is only for
helping to understand the method and the core idea of the
present disclosure. Meanwhile, for a person skilled in the
art, according to the idea of the present disclosure, there
would be changes in the specific implementation and the
application scope. In summary, the contents of the pre-
sent description should not be construed as limiting the
present disclosure.

Claims

1. A control method of a motor torque, characterized
in that the control method comprises:

acquiring a current vehicle speed of a vehicle,
wheel speeds at two ends of a drive shaft,and a
wheel speed difference between the wheel
speeds at the two ends of the drive shaft;
determining a current working condition corre-
sponding to the vehicle based on the wheel
speed difference, the wheel speeds, and the
current vehicle speed, wherein the current work-
ing condition comprises a single-wheel slip
working condition and a non-single-wheel slip
working condition;

determining a target speed on which a torque
limiting operation to be performed is based,
based on the current working condition, the
current vehicle speed, and the wheel speeds
at the two ends of the drive shaft;

determining a limited torque of a motor accord-
ing to the target speed and an available power of
a battery; and

controlling the motor to output a torque accord-
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ing to the limited torque.

The control method according to claim 1, character-
ized in that the determining the current working
condition corresponding to the vehicle based on
the wheel speed difference, the wheel speeds, and
the current vehicle speed comprises:

determining that the vehicle is in the single-
wheel slip working condition when it is detected
that the wheel speed difference exceeds a pre-
set wheel speed difference; and

determining that the vehicle is in the non-single-
wheel slip working condition when it is detected
thatthe wheel speed difference does not exceed
the preset wheel speed difference.

The control method according to claim 1, character-
ized in that the determining the target speed on
which the torque limiting operation to be performed
is based, based on the current working condition, the
wheel speed difference, and the wheel speeds at the
two ends of the drive shaft, comprises:

determining a motor speed as the target speed
when it is detected that the vehicle is in the
single-wheel slip working condition; and
determining a greater speed value among the
wheel speeds at two ends of the drive shaft and
the current vehicle speed as the target speed
when it is detected that the vehicle is in the non-
single-wheel slip working condition.

4. The control method according to claim 1, character-

ized in that the available power is obtained by steps
of:

acquiring a power working condition of the ve-
hicle, wherein the power working condition com-
prises an accelerator pedal opening degree;
determining an available discharge power of the
battery according to the power working condition
and the current vehicle speed; and

acquiring a motor efficiency of the motor, and
correcting the available discharge power ac-
cording to the motor efficiency to obtain the
available power.

The control method according to claim 4, character-
ized in that the determining an available discharge
power of the battery according to the power working
condition and the current vehicle speed comprises:

determining the available discharge power as a
maximum peak discharge power when it is de-
tected that the vehicle is not in the slip working
condition and the accelerator pedal opening
degree is greater than a preset opening degree;
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and

determining the available discharge power to be
a maximum continuous discharge power when it
is detected that the vehicle is in the slip working
condition or the accelerator pedal opening de-
gree is not greater than the preset opening
degree.

The control method according to claim 4, character-
ized in that the control method further comprises:
acquiring a consumed power of each component of
the vehicle, and a start-up reserved power when an
engine is in a stopped state, and correcting the
available power according to the consumed power
and the start-up reserved power.

The control method according to claim 1, character-
ized in that the method further comprises:

acquiring a peak torque limit value for the motor
and a motor temperature; and

correcting a smaller torque value between the
peak torque limit value and the limited torque
according to the motor temperature to obtain an
actual limited torque;

wherein the controlling the motor to output the
torque according to the limited torque com-
prises:

controlling the motor to output the torque ac-
cording to the actual limited torque.

The control method according to claim 7, character-
ized in that the correcting the smaller torque value
between the peak torque limit value and the limited
torque according to the motor temperature to obtain
the actual limited torque comprises:

acquiring a temperature correction coefficient
graph;

determining a temperature correction coefficient
according to the motor temperature and the
temperature correction coefficient graph; and
correcting a smaller torque value between the
peak torque limit value and the limited torque
according to the temperature correction coeffi-
cient to obtain the actual limited torque.

9. A control apparatus of a motor torque, character-

ized in that the control apparatus comprises:

an acquisition module configured for acquiring a
currentvehicle speed of a vehicle, wheel speeds
at two ends of a drive shaft, and a wheel speed
difference between the wheel speeds at the two
ends of the drive shaft;

a decision module configured for determining a
current working condition corresponding to the
vehicle based on the wheel speed difference,
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the wheel speeds, and the current vehicle
speed, wherein the current working condition
comprises a single-wheel slip working condition
and a non-single-wheel slip working condition;
a determination module configured for deter-
mining a target speed on which the torque limit-
ing operation to be performed is based, based
on the current working condition, the wheel
speed difference, and the wheel speeds at the
two ends of the drive shaft;

a calculation module configured for determining
alimited torque of a motor according to the target
speed and an available power of a battery; and
an execution module configured for controlling
the motor to output a torque according to the
limited torque.

The control apparatus of the motor torque according
to claim 9, characterized in that the control appa-
ratus further comprises a correction module config-
ured for performing steps of:

acquiring a peak torque limit value for the motor
and a motor temperature; and

correcting a smaller torque value between the
peak torque limit value and the limited torque
according to the motor temperature to obtain an
actual limited torque.

An electronic device, characterized by comprising:

a memory configured for storing a computer
program; and

aprocessor configured for executing a computer
program stored on the memory to implement the
control method according to any one of claims
1-8.

A vehicle, characterized by comprising the electro-
nic device according to claim 11.

A computer program product comprising computer-
readable codes which, when run on an electronic
device, causes the electronic device to perform the
control method according to any one of claims 1-8.

A computer-readable medium, in which a computer
program is stored which, when runs on an electronic
device, causes the electronic device to perform the
control method according to any one of claims 1-8.
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Acquiring a current vehicle speed of a vehicle, wheel speeds at both ends of a drive shaft,
and the wheel speed difference between the wheel speeds at the both ends of the drive
shaft

!

Determining a current working condition corresponding to the vehicle based on the wheel speed
difference, the wheel speeds, and the current vehicle speed, wherein the current working
condition includes a single-wheel slip working condition and a non-single-wheel slip working
condition

— S2

Determining a target speed on which a torque limiting operation to be performed is
based, based on the slip working condition, the current vehicle speed, and the wheel
speeds at the both ends of the drive shaft

— S3

Determining a limited torque of a motor according to the target speed and the available
power of a battery

— S4

Controlling the motor to output a torque according to the limited torque

— S5

FIG 1

Determining that the vehicle is in the single-wheel slip working condition when it is
detected that the wheel speed difference exceeds a preset wheel speed difference

Y

Determining that the vehicle is in the non-single-wheel slip working condition when it is
detected that the wheel speed difference does not exceed the preset wheel speed
difference

| —S102

FIG 2

Determining a motor speed as the target speed when it is detected that the vehicle is in
the single-wheel slip working condition

A 4

Determining a larger speed value among the wheel speeds at the both ends of the drive
shaft and the current speed as the target speed when it is detected that the vehicle is in the
non-single-wheel slip working condition

—S202

FIG 3

12
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Acquiring a power working condition of the vehicle, wherein the power working
condition includes an accelerator pedal opening degree

,—S301

Y

Determining an available discharge power of the battery according to the power working
condition and the current vehicle speed

l

Acquiring a motor efficiency of the motor, and correcting the motor efficiency
according to the available discharge power to obtain the available power

—S303

FIG 4

Determining the available discharge power as a maximum peak discharge power when it
is detected that the vehicle is not in the slip working condition and the accelerator pedal
opening degree is greater than a preset opening degree

—S401

l

Determining the available discharge power to be a maximum continuous discharge
power when it is detected that the vehicle is in the slip working condition or the
accelerator pedal opening degree is not greater than the preset opening degree

FIG 5

Acquiring a peak torque limit value for the motor and a motor temperature

S501

Y

Correcting a smaller torque value between the peak torque limit value and the limited
torque according to the motor temperature to obtain an actual limited torque

FIG 6

13
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Acquiring a temperature correction coefficient graph

l

Determining a temperature correction coefficient according to the motor temperature and
the temperature correction coefficient graph

—S602

'

Correcting a smaller torque value between the peak torque limit value and the limited
torque according to the temperature correction coefficient to obtain the actual limited
torque value

—S603

FIG 7
— 7
Control apparatus
L 171
Acquisition module
|
172

Decision module
|

Determination module »T 73
[
Calculation module

Execution module

Y174

[N

FIG 8
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Electronic device

Memory

Processor

FIG 9
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